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It’s Been A Good Term 


As my term as Commissioner of Reclamation draws 
to a close, I wish to reflect upon some of the achievements 
Reclamation has made in the past four years. { 

This fiscal year is a record for monies—the amount] — 
available from appropriations, carryover, and reven 
totaled nearly $600 million for use on Reclamation projec 
throughout the 17 Western States. 

However, more important than the number of dolla 
allotted is the way in which they have been and will 
spent. Undertakings designed to serve people throug 
municipal and industrial water supplies have been give 
priority. Such studies as the Atmospheric Water Resoure 
Management, which explores the water potential availab 
in our atmosphere, holds great promise for man’s future. 

The Foreign Exchange. Programs are another ste 
forward. The High Voltage Power and the Irrigation e 
change missions with Russia were particularly useful. Wi 
saw some of the world’s largest dams and hydroelect 
plants and reviewed Russia’s 5-year, $33 billion progra 
to extend their irrigation areas, improve water quality a 
increase municipal and industrial water supplies. 

In turn, Russian teams got a good ag at our 
grams and more importantly, our friendly people. T 
exchanges strengthened understanding and cooperation 
tween our countries. 

Municipal and industrial water deliveries fr 
Bureau projects in the West have now increased to over 7 
billion gallons per year. 

We are now producing 55 million tons of food a 
fiber per year on 147,300 irrigated farms. In 1970 the fa 
— 140,500, so the day of the small farm has 
passed. 
And electric power revenues in 1972 from the market. 
ing of 50 billion kilowatt hours reached a record high of 
over $160 million. 

Newly adopted multiobjective procedures will enhanc 
our planning to insure our projects will better meet presen 
national priorities and values. 

In addition, new guidelines have been established t 
increase public participation in future Bureau planning. 

The accomplishments of the Bureau should be 
source of pride for all of us. I am confident that with th 
support of the American people, the Bureau of Reclama 
tion will continue to benefit all Americans as it keeps ib 
priorities in conformity with national needs and program 


























Euxis L. ArmMstrRone 
Commissioner of Reclama 





Vast quantities of water gushed in from the Pacific Ocean causing great damage to the levee along the San Joaquin River, Calif. 
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Disaster Strikes Isleton 


by JIM COOK, Chief, Delta and Bay Area Branch, 
Division of Planning, Mid-Pacific Region; and 
DAVE COLEMAN, Chief, Water and Power Con- 
trol Division, Central Valley Operations Office, 
Mid-Pacific Region, Sacramento, Calif. 
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It’s Been A Good Term 


As my term as Commissioner of Reclamation draws' 
to a close, I wish to reflect upon some of the achievements 
Reclamation has made in the past four years. 

This fiscal year is a record for monies—the amount 
available from appropriations, carryover, and revenues 
totaled nearly $600 million for use on Reclamation projects 
throughout the 17 Western States. 

However, more important than the number of dollars 
allotted is the way in which they have been and will be 
spent. Undertakings designed to serve people through 
municipal and industrial water supplies have been given 
priority. Such studies as the Atmospheric Water Resource 
Management, which explores the water potential availabl 
in our atmosphere, holds great promise for man’s future. 

The Foreign Exchange Programs are another ste 
forward. The High Voltage Power and the Irrigation ex 
change missions with Russia were particularly useful. W. 
saw some of the world’s largest dams and hydroelectri 
plants and reviewed Russia’s 5-Yye ar, 833 billion progra 
to extend their irrigation areas, improve water quality an 
increase municipal and industrial water supplies. 

In turn, Russian teams got a good look at our pro 
grams and more importantly, our friendly people. Thes 
exchanges strengthened understanding and cooperation be 
tween our countries. 

Municipal and industrial water deliveries fro 
Bureau projects in the West have now increased to over 7 
billion gallons per year. 

We are now producing 55 million tons of food an 
fiber per year on 147.300 irrigated farms. In 1970 the farm 
numbered 140500, so the day of the small farm has no 
passed, : 

And electric power revenues in 1972 from the market 
ing of 50 billion kilowatt hours reached a record high o7 
over $160 million. 

Newly adopted multiobjective procedures will enhanc 
our planning to insure our projects will better meet presen 
national priorities and values. 

In addition, new quidelines have been established t 
increase public participation in future Bureau planning. 

The accomplishments of the Bureau should be 
source of pride for all of us. 1 am confident that with th 
support of the American people, the Bureau of Reclama 
tion will continue to benefit all Americans as it keeps it 
priorities in conformity with national needs and program 
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DAVE COLEMAN, Chief, Water and Power Con- 
- trol Division, Central Valley Operations Office, 
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HE NIGHT OF JUNE 20, 1972, began much 

as any other night on Andrus and Brannan 
Islands in the Sacramento-San Joaquin River 
Delta of California. The day had been hot and the 
stiff 30 mile-per-hour wind blowing in from the 
Pacific Ocean through San Francisco Bay and the 
Carquinez Strait provided a welcome respite. 

The crops on the islands were approaching ma- 
turity, promising a bountiful fall harvest. Work 
on the south levee was progressing well and would 
soon be completed. A high tide was building in 
the ocean and would shortly be moving inland to 
spend its energy flowing through the Delta, but 
this too was a common phenomenon. 

As darkness descended, the people of the islands 
retired for the day—secure in their knowledge 
that the coming morning would bring another day 
of serenity, characteristic of the Delta during this 
time of year. 


The quiet of the little town of Isleton on the 
northern levee of Andrus Island was mildly dis- 
turbed at about 12:30 a.m. on June 21 by a report 
of a fire near the Spindrift Marina on the island’s 
southern levee bordering the San Joaquin River. 
Little did those aware of the alarm know this was 
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This is only a small example of the destruction created by the levee break. © 


the beginning of a disaster that would force evacu- | 
ation of the Andrus and Brannan Islands’ 3,000 
residents. The fire had been caused by an ever- 
present danger in the Delta—a levee break. 

Since no one witnessed the beginning of the 
levee failure near the Spindrift Marina, it may 
be supposed that a combination of levee instability, 
tides, winds, and wave action caused failure of the’ 
privately-owned and maintained levee. The break 
was probably small at first, little more than a 
wet spot on the inner face of the levee. 

The inner surfaces of the islands lie 10 to 15) 
feet below sea level, however, and the small wet 
spot probably exploded into a furiously raging 
torrent which tossed aside like matchsticks the 
trailer homes, boats, mooring docks, and boat) 
sheds at the Spindrift Marina. As the levee heaved” 
inward, falling trees and poles caused a short-| 


circuit of powerlines and the fires that alerted) 
the slumbering Delta community to what rapidly 


became a disaster. 


“‘Water Carried Our Home Away!” 


Mr. Fred Wilson and his wife, residents of the} 
Spindrift Marina mobile home park, described 
the levee break in an article appearing in the 
Antioch Ledger. 
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Mr. Wilson said, “There was this terrible roar. 
We thought it was a storm. But when I opened 
the back door there was no rain or wind. Suddenly 
water was Swirling around my feet.” 

Mrs. Wilson continued, “Fred grabbed David 


| (a visiting grandson) and I followed him into 


water that was 3 feet deep around our trailer 
home. We didn’t leave a moment too soon. The 


| water carried our home away in a matter of sec- 


onds.” 

The Wilsons made it to a solid section of the 
levee road and were evacuated to an emergency 
relief center hastily established in the nearby 
Rio Vista High School. 


Grab Anything That Floats 


Though there is usually a master plan for what 
to do in the event of a disaster, it seldom is of 


| practical value at the height of such a crisis as 


that created by a Delta levee break. If caught in 
the break, as were the people in the vicinity of 
the Spindrift Marina, you don’t plan. You react. 
You grab for anything that floats or anything 
that is firmly anchored. Your most compelling 
thought is to get yourself and your loved ones to 
firm ground and safety. 

The people of the islands and the surrounding 


area hurriedly answered the emergency call. Pri- 
vately-owned boats and State and Federal agen- 
cies’ boats and helicopters were quickly marshalled 
to pluck stranded residents from the raging waters 
that had rapidly covered the southern edge of the 
islands. What followed in the next few hours 
was a miracle—all the people along the southern 
edge of the islands were rescued with only 20 
injuries and no fatalities. 


Dike Is Built 


While rescue operations were still in progress, 
the Corps of Engineers and local volunteers com- 
mitted the small amount of heavy equipment 
available to the task of building a dike around 
the town of Isleton. 

Throughout the next two days and a long night, 
weary crews fought a losing battle to save the 
town from the windswept waters pouring onto 
the islands. The town of Isleton was officially evac- 
uated at 9:30 p.m. on June 22. 

Along with evacuation of the 1,600 residents of 
Isleton, the 3,000 residents of Andrus and Bran- 
nan Islands were safely removed from the dis- 
aster area. Some came away with almost all their 
belongings, some with none, but all came away 
with their most precious possessions—their lives. 


Flooded streets in Isleton, Calif. were part of the 13,000 acres of land inundated in Andrus and Brannan Islands. 
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The Delta has been called the heart of Cali- 
fornia’s water supply system because all water 
moving southward through the State is presently 
pumped from the Delta. On June 20, the Delta 
was in “balance” that is, the amount of water com- 
ing into the Delta was sufficient to meet local and 
export demands, and to prevent salinity intrusion 
from San Francisco Bay. 


Water Balance Upset 


When the Andrus Island levee failed along a 
= 500-foot front, the water balance of the Delta was 
upset. Nearly 150,000 acre-feet of water rushed 
into Andrus and Brannan Islands submerging 
about 13,000 acres to depths of 8 to 14 feet. 

The vacuum created by the flow of fresh water 
from the San Joaquin River and tributary water- 
ways into the island began to draw salty water 
from San Francisco Bay into the western Delta. 
With each rising tide 200,000 to 300,000 c.f.s. 
(cubic feet per second) of salt water was forced 
inland toward the Delta. 


Salt Water Threatens 


This salt water intrusion posed an immediate 
threat to Delta water users and to over a quarter 
million people, a million.acres of rich agricultural 
lands, and billions of dollars worth of industrial 


production capacity dependent upon Federal and 
State exports from the Delta for a water supply. 

During the hours immediately after the levee 
break and for almost 6 weeks thereafter, the Bu- 
reau of Reclamation and the California Depart- 
ment of Water Resources battled to regain the 
balanced water condition in the Delta necessary 
for protection of these water users. 

These efforts required carefully coordinated op- 
eration and adjustment of California’s water sup- 


ply system stretching over 1,000 miles between the 
Oregon and Mexican borders. 

State and Federal export pumping from the 
southern Delta was reduced from 6,600 to 900 c.f.s. 
soon after the levee break, and water demands 
south of the Delta were met from San Luis Reser- 
voir. Between June 21 and 28, releases from Kes- 
wick and Nimbus Reservoirs of the Central Valley 
project were increased from 12,000 to 14,000 c.f.s. 
and from 2,000 to 5,000 c.f.s., respectively. 

During this period, releases from Oroville Res- 
ervoir of the State water project were increased 
from 3,000 to 4,000 c.f.s. These added releases 
were successful in significantly reducing salinity 
intrusion into the Delta. 


Salt Water Removal 


Once contained, the salt water had to be moved 
out of the Delta so water demands on the Contra 


This farmhouse was almost completely destroyed by wave action before water could be pumped out. 


An estimated 3,000 persons were left homeless when the break occurred. 
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The Delta has been called the heart of Cali- 
fornia’s water supply system because all water 
moving southward through the State is presently 
pumped from the Delta. On June 20, the Delta 
was in “balance” that is, the amount of water com- 
ing into the Delta was sufficient to meet local and 
export demands, and to prevent salinity intrusion 
from San Francisco Bay. 


Water Balance Upset 


When the Andrus Island levee failed along a 
500-foot front, the water balance of the Delta was 
upset. Nearly 150,000 acre-feet of water rushed 
into Andrus and Brannan Islands submerging 
about 13,000 acres to depths of 8 to 14 feet. 

The vacuum created by the flow of fresh water 
from the San Joaquin River and tributary water- 
ways into the island began to draw salty water 
from San Francisco Bay into the western Delta. 
With each rising tide 200,000 to 300,000 c.f.s. 
(cubic feet per second) of salt water was forced 
inland toward the Delta. 


Salt Water Threatens 


This salt water intrusion posed an immediate 
threat to Delta water users and to over a quarter 
million people, a million acres of rich agricultural 
lands, and billions of dollars worth of industrial 





production capacity dependent upon Federal and 
State exports from the Delta for a water supply. 

During the hours immediately after the levee 
break and for almost 6 weeks thereafter, the Bu- 
reau of Reclamation and the California Depart- 
ment of Water Resources battled to regain the 
balanced water condition in the Delta necessary 
for protection of these water users. 

These efforts required carefully coordinated op 
eration and adjustment of California’s water sup- 
ply system stretching over 1,000 miles between the 
Oregon and Mexican borders. 

State and Federal export pumping from the 
southern Delta was reduced from 6,600 to 900 c.f.s. 
soon after the levee break, and water demands 
south of the Delta were met from San Luis Reser- 
voir. Between June 21 and 28, releases from Kes- 
wick and Nimbus Reservoirs of the Central Valley 
project were increased from 12,000 to 14,000 c.f.s. 
and from 2,000 to 5,000 c.f.s., respectively. 

During this period, releases from Oroville Res- 
ervoir of the State water project were increased 
from 3,000 to 4,000 c.f.s. These added releases 
were successful in significantly reducing salinity 
intrusion into the Delta. 


Salt Water Removal 


Once contained, the salt water had to be moved 
out of the Delta so water demands on the Contra 


This farmhouse was almost completely destroyed by wave action before water could be pumped out. 


An estimated 3,000 persons were left homeless when the break occurred. 
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Costa and Delta-Mendota Canals and the State’s 
South Bay Aqueduct, which were at peak annual 
levels, could continue to be met. 

Based on the Bureau’s 30 years of experience in 
Delta water operations, three possible alternatives 
for removing salt water from the Delta were 
evident : 

1. Wait for flushing flows from winter rains; 

2. Gradually increase pumping over a period 

of many months; or 

38. Pump at a maximum rate with Federal 

pumps in the Delta-Mendota Canal to pull 
the salt water out of the southern Delta and 
to put fresh water into the salt contaminated 
channels of the western Delta (State water 
quality contracts for the South Bay Aqueduct 
would not permit use of State pumps in this 
effort). 

Immediate demands for quality water in the 
service areas beyond the Delta rendered alterna- 
tives 1 and 2 unacceptable. Between June 30 and 
July 4, pumping to the Delta-Mendota Canal was 
increased from 900 to 4,300 c.f.s. 

Within 4 weeks, all of the western Delta was 
cleansed of the salt water intrusion. Peak salini- 
ties in water deliveries to CVP water customers 
during this operation were 440 p.p.m. (parts per 
million) chlorides in the Contra Costa Canal in- 
take on July 4 and 165 p.p.m. chlorides at the in- 
take of the Delta-Mendota Canal on July 7 as com- 
pared with normal values of 100 p.p.m. chlorides 
and 70 p.p.m. chlorides respectively for this time 
of year. 

As the peak salinity reached the Contra Costa 
Canal, an intertie was completed by the Contra 
Costa County Water District to provide daily de- 
livery of 40 million gallons of fresh water from 
the East Bay Municipal Utility District’s nearby 
Mokelumne Aqueduct into the canal, This water 
was blended with the highly saline waters from 
the Delta to deliver water of 120 p.p.m. chlorides 
to 180,000 people downstream of the intertie. 

Upstream of the intertie 70,000 people had $o 
rely temporarily on the higher-salt-content waters. 
Salt content of the water and directions for 
watering lawns and for other uses of the water 
were published in daily papers of Contra Costa 
County throughout the crisis period. 


Salty Cardboard 


The most significant effect of the highly saline 
water delivered to the Contra Costa Canal was 


the impact on paper products plants in the 
Antioch-Pittsburg area. These plants had to dis 
continue production of cardboard boxes used té 
package metal cans because the cans possibl 
would rust from the high salt content of the card 
board. 

The slightly higher salt content of the Delta 
Mendota Canal waters caused no apparent damag 
as peak salinity was within tolerance limits of 
crops being irrigated in the San Joaquin Valley 

The ability of the Bureau and California’s De 
partment of Water Resources to react success 
fully to this crisis is a tribute to the years of plan: 
ning, designing and constructing water storage and 
conveyance works that provide dependable service 
and a high degree of operational flexibility. 

‘Since levee breaks in the past occurred during’ 
winter months, with high rainfall and while 
fresh water flowed through the Delta, this sum 
mer’s levee failure provided an excellent oppo 
tunity to assess the capability of projects to react 
under conditions of peak water demands and be 
low-normal fresh water availability. 


Upstream Reservoir Releases 


It soon became apparent that a majority of the, 


upstream reservoir releases were not reaching the> % 


area affected by the salinity intrusion. Only about 
25 percent of the water released was passing§. 
through the existing Delta cross channel into them 
interior Delta. It was also readily apparent that 
the proposed peripheral canal, recommended for 
construction by 1980, would have significantly en 
hanced the ability of the projects to react to 2 
emergency of this nature. 

With the Peripheral Canal in operation, a flo 
release of 6,000 c.f.s. could have been made to th 
interior Delta in addition to flows ae | 
with existing cross-Delta transfer methods. These 
additional releases would have moved westwardm&y 
and southward through the Delta, thus sweeping) 
out the salt water. This would have allowed mo 
immediate reaction to the emergency, and 
shorter time and smaller reservoir release to 
store the Delta water balance. . 

In view of the increasing risk of Delta leve 
failure, buildup in water demands and the im 
pact of dry year conditions on reservoir storag 
the increased operational flexibility that woul 
be provided by the Peripheral Canal become 
highly significant. 





Surveying his pear orchard, ’ 
which is a total loss, this farmer joins 

numerous others who lost more than 20 

square miles of delta farmland. 
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Debris washed up by the flood covered the entire landscape. 
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Repairing the levee break was an 
arduous task, requiring 33 days, 600,000 cubic 
yards of sand and 60,000 tons of rock. 


Close the Levee Break 


With the failure of the emergency dike and the 
evacuation of the town of Isleton, the Corps of 
Engineers immediately turned its attention to 
closing the levee break. Work on the closure could 
not begin until the island filled with water be- 
cause of the high velocity of flow into the break. 
Closure of the 500-foot long, 75-foot deep break 
began June 28. In an around-the-clock effort, the 
Corps placed 60,000 tons of rock and 500,000 cubic 
yards of sand in the levee break, completing the 
closure at 3:15 a.m. on July 24. 

As closure neared completion, power facilities 
and 16 pumps were installed to begin removing 
approximately 150,000 acre-feet of water from 
Andrus and Brannan Islands. The pumps have a 
total capacity of 600,000 gallons per minute and 
will require 2 to 4 months to “dry out” the island. 
At present pumping rates, the water level in the 
islands is dropping about 114 inches per day. 


Expensive Disaster 


The Andrus Island levee failure was an expen- 
sive disaster with an estimated $21 million in prop- 


The 500-foot wide, 75-foot deep break also required two hydraulic dredges to plug the opening 


and a clamshell with rock barges to dress the levee closure. | 





The city of Isleton on Andrus Island as it looked on July 21, 1972, one month after the levee break. Note the sewage 
treatment plant in the lower right ringed by a temporary levee. The Sucramento River is in the upper right-hand portion. 


erty loss and damage, about $1.5 million for levee 
repair and unwatering, an as-yet-unreported cost 
of emergency water supplies to the Contra Costa 
Canal, and release of some 200,000 acre-feet of 
storage from Federal projects and 100,000 acre- 
feet from State water projects. 

A far more expensive disaster was narrowly 
averted through the combined emergency opera- 
tions of State and Federal water projects. Hun- 
dreds of millions of dollars in field crops and 
manufacturing output could have been lost since 
domestic and industrial water supplies would 
have been contaminated beyond salt tolerance 
limits for upwards of 6 months. 


Lessons Learned 


Several important lessons were learned during 
the crisis created by the levee failure. One major 
lesson is that the fragile Delta levee system is sub- 
ject to failure at any time, not just during winter 
periods of high flood flows. Another is that effects 
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of Delta levee failures are no longer only local 
disasters since, due to the importance of the Delta 
in present water transfer systems, they can have 
a tremendous impact on the operation of water 
supply systems throughout the State. 

It was also learned that water projects of the 
Department of Water Resources and Bureau of 
Reclamation have been well designed, with high 
resilience and flexibility for providing a depend- 
able supply of useable water under emergency 
conditions. And, finally, it was learned that the 
Periphera] Canal is vitally needed for protection 
of the State’s water supply systems and for pro- 
tection of water supplies in the Delta itself. 

The Andrus Island levee failure will soon be- 
come history to most of us. The damage will be 
repaired, reports will be written, hearings will be 
held, and plans to avert future emergencies will 
be made. However, for the residents of Andrus 
and Brannan Islands, the memory of June 21, 
1972, a fire alarm and a countdown to disaster will 
remain forever. # # # 
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A. L. Fellows, an engineer from 

the U.S. Geological Survey, adjusts his telescope 
in preparation to survey Gunnison Canyon, 
Colo. at Transit Point #44. 
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ee y F THERE IS MAGIC ON THIS PLANET, 

it is contained in water,” stated a noted phi- 
losopher. Whether he was referring to rain falling 
on a forest, dewdrops caressing a spring flower, or 
irrigation water flowing between rows of green 
sugar beets, the effect is the same: water is life. 
And where there is life there is beauty. 

But for the early pioneers, life in the Uncom- 
pahgre Valley was not easy. It was soon apparent 
that rainfall was inadequate for farming. The set- 
tlers also discovered that their one river, the Un- 
compahgre, carried too little water to irrigate 
much of the available land. To the north, how- 
ever, locked in the awesome gorge of the Black 
Canyon, flowed the Gunnison River. All they 
needed was a tunnel to convey the water. 

At the turn of the century, a 6-mile tunnel of 
the size needed was virtually unprecedented. Most 
earlier tunnels were short and drilling crews en- 
countered few difficulties. 
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Gunnison Canyon challenged surveyors to find the 
best sites for a diversion dam and tunnel. 


This was Montrose, Colo. in 1908. 
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Exploration of the Canyon 


Surveys were made across the rim and into the 
precipitous Black Canyon as early as the 1880's, 
but they were difficult and dangerous. Although 
they showed that a railroad route through the 
canyon was infeasible, the surveys were not com- 
plete enough for selecting a tunnel site. 

In 1900 a party of five men tried to survey the 
river and canyon from Cimarron, Colo., using 
flimsy wooden boats. After 4 weeks on what was 
expected to be a 5-day trip they gave up—their 
boats lost, their food gone, and suffering many 


best sites for a diversion dam and tunnel. More) 
detailed investigations would be necessary to de) 
termine tunnel size, grade, and exact placement, 
but the adventurous river trip provided a —s 
basis for further planning. 


. 
Financing the Project | 


Financing was one of the biggest obstacles. Tun-! 
nel construction, a diversion dam, plus large canals} 
and laterals would cost millions of dollars. Local) 





Left, Surveyor, William W. Torrence, of the Montrose Electric Light and Power Co. at his home. ' 
Right, In 1883 the town of Montrose presented a bleak, lonely appearance. 


injuries. So distraught were they that on their 
climb out of the canyon, one member had to be 
restrained from leaping to his death. 

Finally in 1901, an engineer from the U.S. Geo- 
logical Survey, A. Lincoln Fellows; and William 
W. Torrence, of the Montrose Electric Light and 
Power Co., made a survey using rubber air mat- 
tresses and waterproof bags to carry their equip- 
ment. At many places they had to swim through 
rapids. At the Narrows, where the five men had 
given up the year before, the two explorers shouted, 
“Goodbye,” to each other and leaped into a caldron 
of white water, only to emerge safely on a down- 
stream boulder. 

Eight days of swimming, hiking, and surveying 
saw Fellows and Torrence through the canyon. 
They examined, photographed, and surveyed the 


farmers might be able to pay for it all, but it would 
take many decades and the interest payments could 
be prohibitive. 

The State of Colorado appropriated limited 
funds and encouraged “advancements of money 
from interested persons.” About 850 feet of tunnel 
were drilled in 1901, but the funds soon were ex- 
hausted and work stopped. . 

In 1902, Congress passed the Reclamation Act, | 
which provided for repayment without interest of 
construction costs of irrigation projects over a 
long period of time. } 

The Secretary of the Interior approved an al- 
location of funds to the Uncompahgre project on 
March 14, 1903, as one of the first five projects to 
be built by the newly-created Reclamation Service, 
now known as the Bureau of Reclamation. 





ir Peat 


The Gunnison Tunnel 


By the late summer of 1904, all design work was 
completed. Early in October, bids were opened for 
construction of the tunnel, many canals, a moun- 
tain road into the east portal, and a telephone line. 
Financial difficulties, however, forced the contrac- 
tor to withdraw, compelling the Reclamation Serv- 
ice to assume the job of completing the tunnel. 

Across Vernal Mesa and into the canyon, crews 
began constructing one of the steepest wagon roads 
imaginable. In some places the grade was over 30 
percent. Even with the road, much of the heavy 


Seeping water was common, but in December 1906, 
they hit such a large underground stream that 
jets shot 40 feet into the tunnel, knocking the 
drillers from their machines and halting work on 
the heading for 7 months. 

Hot water seams over-heated the working area, 
rendering the tunnel almost unbearable. All work 
was suspended on the heading while a 400-foot 
ventilation shaft was constructed. 


About 500 men were employed at any one time, 
but in spite of the good pay and fringe benefits, 
most men were reluctant to perform the arduous 





Left, The lower portal of the Gunnison Tunnel looking from the shaft towards the portal. 
Right, Construction camp in the Black Canyon during the drilling of the Gunnison Tunnel, 1904—09. 


| machinery used in tunnel drilling had to be eased 
' down on skids and held with block and tackle. (An 


' automobile first made it down this road in 1932, 


1 Act, ) 
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' but had to be pulled out by a team of horses.) 


| Drilling Begins 


Within a few months tunnel drilling was under- 
way at four headings. One heading came in from 
each of the two portals, and one from the east and 
one from the west from a shaft sunk into the mesa. 
Difficulties encountered were many and various. 
Tunnel drillers prefer hard, solid rock, but at the 
Gunnison Tunnel they ran into clay, sand, shale, 
and a badly fractured fault zone. They hit con- 
centrations of combustible or poisonous gases. 


and dangerous underground work. Hence, the av- 
erage stay for a worker was only 2 weeks! 

Workers were justified in fearing the dangerous 
work. In 1905, six men were killed in a cave-in. 
Just before the tunnel was opened in 1909, another 
man was killed by a falling boulder. 

On July 6, 1909, crews met at the last two head- 
ings and the 5.8 mile tunnel was “holed through.” 
It was the longest irrigation tunnel in the world. 


President Taft Dedicates Tunnel 


President William Howard Taft arrived by rail- 
road on August 23, 1909, to dedicate the Gunnison 
Tunnel. Because the diversion dam was not yet 
built across the Gunnison River, river water could 
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Left, A ‘1 horsepower’ mine car carries excavation material from the tunnel. Right, Success began with the first hole-through in the tunnel. 


President Taft speaking at the opening of the 
Gunnison Tunnel on September 23, 1909. On his right 
is C. E. Adams. To his left are Major J. Q. Allen 
and Frank D. Catlin. (State Historical Society ; 
of Colorado Negative No. F—2441.) j ‘Un 
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not be sent through the tunnel. Therefore, work- 
men hidden in the tunnel built a small dam to hold 
back seepage. Then, when President Taft tapped 
the silver bell, the workmen broke open the dam 
moa and a small flow of water emerged, to the delight 
ay of the audience. At that moment, bells and gongs 
sounded all over the Uncompahgre Valley. 





unnel. 


Irrigating the Uncompahgre Valley 


While work was underway, leaders in the valley 
organized and incorporated the Uncompahgre 
Valley Water Users Association to distribute 

water to individual farmers. 

Older dams and canals along the Uncompahgre 

River were taken over by the Federal Government 
_ ‘so they could function as coordinated units of the 

/ Uncompahgre project. 

| Some construction items remained near the dam- 

| site even after the Gunnison Tunnel was finished. 

In fact, it was not until 1923 that the diversion 

| dam, the main canals and all the laterals were in. 

In 1932, the Bureau of Reclamation turned all 
facilities over to the water users for operation and 
maintenance. 
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Left, Montrose, Colo. sprang to life, figuratively with the tunnel completion festivities and literally with crops that still flourish. 
Right, From a special souvenir edition of the Pueblo (Colo.) Star-Journal, September 23, 1909. 


Gunnison Tunnel Receives Award 


In the summer of 1972, the Gunnison Tunnel 
was designated a National Historic Civil Engin- 
eering Landmark by the American Society of Civil 
Engineers. 

The Gunnison Tunnel is of national historic 
significance because it clearly demonstrated the 
feasibility of intermontane large-scale irrigation 
systems. 

The society conducts a continuing program to 
seek out and identify landmarks which represent 
significant contributions to American engineering. 

To date, the society has selected 26 landmarks 
including bridges, canals, railroads and other civil 
engineering projects. 


Taylor Park Dam 


A long-recognized need of the Uncompahgre 
project was upstream storage of the spring runoff 
so that irrigation water would be available in the 
late summer. The answer was Taylor Park Dam, 
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“Slim” Pickins proudly displays his produce 
grown with Uncompahgre project water. 





Taylor Park Dam is located on the Taylor River, 
a tributary of the Gunnison River. Water stored here 
is released into the Gunnison River, diverted 

through the Gunnison Tunnel. 
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Statistics 


GUNNISON TUNNEL 


Construction period : 1904-09 

Length : 5.8 miles 

Cross section: Rectangular with arched roof, 11 
feet wide, 12 feet high. 

Capacity : 1,000 cubic feet per second. 


GUNNISON DIVERSION DAM 


Type: Timber crib weir, concrete wings, removable 
crest 

Year of completion : 1912 

Height : 16 feet 

Crest length : 244 feet 


TAYLOR PARK DAM 


Type : Zoned, earthfill 

Construction period : 1935-37 

Height : 206 feet 

Crest length : 675 feet 

Volume : 1,115,000 cubic yards 

Top width : 35 feet 

Base width : 1,000 feet 

Reservoir capacity : 106,200 acre-feet 


CANALS 


Canals built as part of the Uncompahgre project 
1904-12 : 32.8 miles 

Older canals purchased and rehabilitated: 109.8 
miles 














about 30 miles northeast of Gunnison, Colo., on th: 
Taylor River, a Gunnison River tributary. Th 


206-foot-high dam holds back a reservoir capa 
ble of containing 106,200 acre-feet of water. Tay 
lor Park Dam was built from 1935 through 193i 

Since completion of Blue Mesa Dam in 1965 
storage in its reservoir has been coordinated wit 
that of Taylor Park to maximize fish and wild 
life and recreation benefits. 

Presently 67,326 acres receive irrigation wate 
from the Uncompahgre project. The averag 
yearly crop value from each acre in 1971 was $136 
Total crop value for 1971 was $9,136,000. Since 
irrigation of the project began in 1912, the tota 
value of all crops grown is $224 million. The cos: 
for all constructed facilities of the Uncompahgr 
project was only $10,012,000 # # # 
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[i] These Indian petroglyphs in northwest New 
Mexico were made during the Early Navajo 
Period near the year of 1700. The location of 
these inscriptions is about 8 miles east of the 
‘ogunilinaal Canyon crossing of the Main Canal 
DGD aeieintn sennensin Irrigation project. 


> 


. 


[2] Which natural or man made reservoir has the 
greatest total capacity ? 





ect a. Lake Tahoe 
b. Lake Mead 
9.8 ce. Franklin D. Roosevelt Lake 


[3] In 1971, official major league baseball attend- 
ance was 29.2 million. In the same year, visits 


m thy to recreation areas on Reclamation projects 
Th were : 

capa a. Equal to one-half the major league base- 
Tay ball attendance 

193i b. About equal to the major league base- 
196%, ball attendance 

witl c. Almost double the major league attend- 
wild ance 

vate! 


hours of electrical energy or enough to supply 


an the combined electrical power needs for 1 year 
| of : 
» Cos 


all a. San Francisco and Dallas 
" b. Los Angeles, Philadelphia, and Detroit 
ec. New York City and Albuquerque 


Answers on page 24. 
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THE RECLAMATION RECORD—1915 


Some Sacrificers 


Editor’s note: In the years during the settlement 
of the West, irrigation was the prime purpose of 
Reclamation projects. In accordance with the 
needs of the era, The Reclamation Record printed 
useful information for the farmer, such as the 
following : 


ONSTANT CULTIVATION is the only 

straight and narrow path to success on an 
irrigation farm. How many try to find short cuts 
that do not exist ? 

Nobody works harder for his money than the 
irrigationist who will not apply common sense and 
the lessons of experience to the management of 
his farm. 

Nobody gets bigger or more certain interest on 
his labor than the man who does. 

Cows in bad condition are not necessarily a 
sign of the absence of systematic rotation on the 
farm, but it would be a good business risk to make 
a sporting wager on it. 

A man who keeps his pigsty clean is generally 
able to get his checks cashed without any trouble, 
but a dirty cow yard and unpaid bills often go 
together. 

The impossibility of mixing oil and water is 
well known. Other things are just as hard to mix. 
Some settlers waste time and money trying to be 








Shovel in hand, his figure silhouetted by the rising sun, 
a young farmer crosses his irrigated crop land. 


farmers and men-around-town. The farms of such 
dual-purpose settlers, however, can seldom be) 
pointed out to visitors as models of good manage- 
ment.—/rrigation Record, N.S.W., Australia. 














today... 


: RECLAMATION ERA—1973 


many years of growth and development. One 
© ¥/way in which the Bureau has grown is in diver- 
§ sity. The Bureau now opens its waters to a multi- 
plicty of uses such as: 

¢ Fish and wildlife: Some of the finest fishing 
in the West is found in Reclamation reservoirs. 
Because Reclamation dams are built in dry areas, 
the reservoirs created are a natural oasis for wild- 
life which otherwise would have to migrate long 
distances for water. And many wildlife refuges 
have been established on Reclamation reservoirs. 

* Recreation: Recreational opp ortunities are Fishing is just one of numerous uses Reclamation water 
open wherever a reservoir is created. Boating, has made available to people today. 
swimming, water skiing, fishing, and camping 
sun, are available at most Reclamation reservoirs. 
and.) * Flood control: Millions of dollars of damage 
as well as much loss of life have been the result of 
uch} uncontrolled rivers. With the construction of 
be | dams, floods can be controlled by reservoir draw- 
ge- | down for times of high waters. 

¢ Power generation: The Bureau sells over 48 
billion kilowatt-hours per year, with gross power 
revenues of about $163 million. These sales are a 
ae |major help in repaying the Federal Government 
» for the cost of constructing the projects. 
a * Municipal and Industrial: The Bureau now 


















4 HE Bureau of Reclamation has experienced 





— : 





municipal and industrial purposes to 14.5 million 
people. 

In 1973, unlike in 1915, the uses of reclamation 
water are many-fold. 





supplies 700 billion gallons of water annually for 
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Left, Generator and control panel to be used for power and lighting system for repair of 
Carter Lake Pressure Tunnel. Right, Grout tanks and pump used in 
pressure grouting. Tanks and hoses are color coced to prevent mixing prior to injection. 





Howard E. ““Mike’’ Arndt drills grout hole with electric percussion drill. 
Three-fourths inch diameter carbide tipped bits gave excellent results with relatively low wear. 











Carts used in the tunnel during repair. Cart on the left 
will contain transformers and reel drum while 
cart on right will contain the grout pump and mixing tubs. 





Grout packer in hole with chemical grout pump at 
lower left corner of photograph. 





by C. W. GRIFFIN, Regional Engineer, Bureau of 
Reclamation, Lower Missouri Region, Denver, 
Colo. 


CHEMICAL 
GROUT 
DOES THE 
JOB 


HAT DO YOU DO WHEN a major aque- 

duct, serving as a connecting link between 
the source and the supply of water for several 
thousand farm and municipal water users, sud- 
denly starts to leak excessively—and you can’t 
plug the leak? 

The Bureau of Reclamation and its water-user 
customers were faced with such a problem when 
an aqueduct in Colorado, an 8-foot concrete-lined 
pressure tunnel, developed cracks and subsequent 
serious leakage. 


Carter Lake Pressure Tunnel 


The aqueduct, Carter Lake Pressure Tunnel— 
a feature of the Bureau’s Colorado-Big Thomp- 
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son project—is located 9 miles southwest of Love- 
land, Colo. It links the Flatiron Power and Pump- 
ing Plant with Carter Lake, a project water stor- 
age facility. 

All water for the Carter Lake storage facility 
is pumped through the 8-foot diameter reinforced 
pressure tunnel. The lake stores water for distribu- 
tion to water users in the foothills area of the 
Colorado-Big Thompson project. 


Turbine-Generator 


The tunnel also serves as a source of power to 
operate a reversible turbine-generator unit, 8,500- 
kilowatts, which produces electric power at the 
Flatiron Power and Pumping Plant. The rever- 
sible unit also operates a pump-motor, 13,000- 
horsepower, to lift the water 297 feet from the 
plant afterbay for storage in Carter Lake. 

Completed in 1952, the tunnel was first operated 
in 1954. During routine inspection in 1955, leakage 
was noted about 200 feet inside the tunnel from 
the powerplant inlet. At this point spalling 
(cracking and flaking concrete) was occurring. 
The cause of the spalling could not be pinpointed 
but a shifting of the rock formation was suspected. 

To meet the problem, the spalled concrete was 
removed and a steel ring 18 inches wide was in- 
stalled on the inside of the lining. The area be- 
hind the lining was repaired with standard cement 
grout. 


More Leakage 


No further problems were encountered until 
March 1969 when excessive leakage at ground sur- 
face was observed above the tunnel. The area that 
had caused trouble in 1955 apparently shifted 


again resulting in spalled and fractured concrete 
2- to 3-feet wide. 

The usual repair methods were again employed. 
The damaged concrete was removed and re- 
placed. A steel segmented ring 6-feet wide was 
then installed over the repaired area, and the con- 
tact area between the lining and rock formation 
was grouted over an area 300 feet long. A total 
of 2,168 sacks of cement was used in grouting. 

The next inspection indicated this repair had 
stopped all leakage with the exception of one 


“spring,” which continued to flow approximately 


20 g.p.m. (gallons per minute). This flow remained 
constant until the summer of 1971 when large 
inicreases were noted. 


Still More Cracking 


Inspections revealed that additional cracking 
had taken place in the lining in the general vicinity 
of the repaired area. By January 1972 the flow in 
the spring had increased to 80 g.p.m. and a num- 
ber of surface seep areas had developed. It became 
obvious that regular grouting methods were in- 
adequate and that other corrective measures were 
required immediately. 

Engineers considered various repair methods, 


The use of linear plate through the critical area 


was evaluated, but this as well as other proposed 
schemes was too expensive. 

Additional problems were encountered as repairs 
had to be intermittent because of pumping require- 


ments for the Carter Lake facility. Another im- 


portant factor in considering methods of repair 
centered around tunnel access. There were three 
ways into the tunnel—all through 19-inch net 
diameter manholes. 
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this type of application. Final decision to move- 


ahead with this chemical grouting process utilizing 
Bureau forces was made in concurrence with the 


_ Northern Colorado Water Conservancy District. 


‘AM-9 Grout Used 


The grout used is known as AM-9, a mix- 
ture of two organic monomers which when prop- 
serly catalyzed produce stiff gels. Catalysts con- 
jsist of DMAPN, a liquid, and ammonium 
persulfate. 

The grout is a dry powder and was mixed with 
water along with the catalyst DMAPN in one sup- 
ply tank. Ammonium persulfate was mixed with 
water in a separate tank and a red dye (Rhonda- 
mine WT) was added to the mixture to improve 
identification of travel along cracks, The viscosity 
of AM-9 grout solution remains essentially the 
same as water until the gel forms. 


_ Access Problems 


Because of the access problems, considerable 
time was required to assemble the necessary equip- 
‘ment and chemical supplies. All drilling, grout- 
ing, and allied equipment had to conform in size 
or be made in sections small enough to pass 
through the 19-inch openings. 

The grout pump, electric transformer, distribu- 
‘tion panel, and ground fault interrupters are 


“manufactured equipment. All other items, such 


as cable rails, transformer and pump carts, grout 
packers, special hand tools and others, were made 
‘in the Flatiron Powerplant machine shop. Port- 
jable insulated cables carried 440-volt power into 
ithe tunnel with the stepdown transformer at the 
: grout point providing 115-volt power for tools 
sand lights. 


Grouting Begins 


Chemical grouting began May 18, 1972. The 
first step in repairing the tunnel was to drain it 
completely. Seep areas, indicated by water leaking 
back into the tunnel generally along hairline 
cracks in the lining, were marked immedately. 
Next, 34-inch diameter holes were drilled in the 
lining intersecting these cracks 5 to 6 inches from 
the lining surface. Using a grout packer developed 
in the Flatiron powerplant machine shop, a solu- 
tion of AM-9 was then injected under pressure 
ranging from 25-300 p.s.i. (pounds per square 
inch) depending upon location. 

In tracing the red dye, grout travel up to 22 feet 
was observed along the cracks. Travel of 3-5 feet 
either way from the grout hole was more common. 

Nine hundred sixteen gallons of chemical solu- 
tion were pumped into the lining over a total 
distance of 2,200 feet. Refilling of the tunnel oc- 
curred on June 22, 1972. The previous leakage of 
80 g.p.m. had been reduced to 2-3 g.p.m. Initial 
surface leakage from previous seep areas was zero. 


Grouting Successful 


Results of this initial grouting indicated that 
the concept of chemical grouting was valid. 
Further grouting was performed during July and 
August and after refilling the tunnel, no surface 
leakage has been observed from the seep areas or 
from the spring. 

Bureau engineers say results have exceeded all 
expectations. They caution, however, that no dura- 
bility or permanent conclusions can be made after 
only a few weeks of operation. In general, they 
feel that more expensive repairs can be deferred 
for an indefinite period. The engineers also have 
high hopes that the resiliency of the gel will adapt 
to the shifting of the lining if it occurs in the 
future. # # # 


23 








| 
j 
' 
| 
| 
} 
' 
i 









AA RECLAMATION’S 


1971 Water and Land Resource Accomplish- 
ments. (no charge) This report has been released 
and copies are available in the Publications Man- 
agement Section, Room 7442, Bureau of Reclama- 
tion, 18th and C Streets NW., Washington, D.C. 
20240. 

The report includes a summary volume and its 
appendix, as well as the 2-volume Statistical and 
Financial Appendix, as a consolidated 4-volume 
report. 

The summary volume includes a statement on 
planning, research and construction activities, and 
a prospective on the Reclamation program. It also 
includes an article summarizing a study of the 
industrial impacts from construction activities 
which were completed in 1971 at Morrow Point 
Dam and Powerplant in Colorado. 

Questions, Anyone? (no charge) A revised edi- 
tion of the popular brochure, “Answering Your 
Questions About Reclamation.” Covers most com- 
monly asked questions about the Bureau of Re- 
clamation. Copies are available from Publications 
Management Section (address listed above). 








ERA SUBSCRIPTION INCREASES 


Because of the recent postal rate increases 
and because of the increasing cost of printing 
and printing materials, many government 
publications must impose a subscription price 
increase. 

Reclamation Era is one such magazine. 
Prices will increase from $1.50 to $2.50 for 
yearly subscriptions (75¢ additional for for- 
eign mailing) or 75¢ per issue. 

The new rates were effective January 1, 
1973. All current subscriptions will be hon- 
ored and any new ones sent to the Govern- 
ment. Printing Office on the old subscription 
rate order blanks will be honored at the lower 
rate. 
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NEWS NOTES 





Mermel Appointed Chairman 


T. W. Mermel, Assistant to the Commissioner— 
Scientific Affairs, was appointed Chairman of the 
Engineering Foundation Conferences Committee. 
He will serve a 2-year term, ending October 1. 
1974. 

The Engineering Foundation Conferences Com- 
mittee sponsors and arranges varied engineering 
conferences that are held in different cities 
throughout the Nation. 


Unit Award for Excellence of Service 


The Geology Division of the Auburn-Folsom 
South Unit, Central Valley project Construction 
Office in Auburn, Calif., was presented a Unit 
Award for Excellence of Service. This award 
recognizes the division’s “extra effort and superior 
service in delineating the geologic foundation for 
Auburn Dam. The teamwork, ingenuity, and dedi. 
cated effort greatly benefited the design of the 
structure.” 


National Water Resources Association 
Annual Meeting 


Representatives of irrigation, water, conserva: 
tion, and other water-oriented organizations i 
the Western States met with Commissioner Elli 
L. Armstrong and members of the Washington 
D.C. staff, and regional directors during the con- 
vention of the National Water Resources Associa 
tion in Salt Lake City, Utah. 

Topics discussed during convention workshop: 
included: “Future Needs of Irrigation Water- 
Guidelines for Appraisal,” “Wildlife from Wate 
Development,” “Water Projects Appraising Tota 
Results,” “State Associations,” “Water Rights fo 
Tomorrow,” “Protecting Natural Wonders,” ant 
“Salinity of the Colorado.” # # ? 





Answers to Water Quiz 


1. Largo, Navajo Indian; 2. a, 122 million 
acre-feet; 3. c, 55.7 million visits; 4. b, Los 
Angeles, Philadelphia, and Detroit. 
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Convenient Order Form for Reclamation Era 


In its 4 issues a year the Reclamation Era will bring the authcritative information that it has 


the carried on its pages since 1905. If you are not now a subscriber, and would like to be, this order form 
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: : Award Contract 
Spec. No. Project date Description of work or material Contractor’s name and address amount 
hop . — 
ber DS-6967__... Columbia Basin, Wash___-_- Oct. 13 ——— winding for generator at Grand Coulee | National Electric Coil Division, $243, 418 
Be powerplants. McGraw-Edison Co., 
. | . , Columbus, Ohio. 
Y ate! DC-6970_.._- Central Valley, Calif._..___- Sept. 29 | Friant-Kern Canal rehabilitation, station 3112+75 Syblon-Reid Co., Folsom, Calif_- 1, 235, 496 
to station 3201+-70, station 4330+86.65 to station | 
Tota s | _ 4349-+-06.49. 
fi DC-6972.....| Bostwick Park, Colo_..._._- | Oct. 27 | Earthwork and structures for Vernal Mesa Ditch, | McStain Corp., Boulder, Colo... 116, 696 
iS Ide ’ ; station 10+00, siphon replacement. 
’ U33,404B_.._| Central Valley, Calif...__.__ Oct. 30 | Hydraulic suction dredge and discharge pipeline for | Ellicott Machine Corp., 213, 125 
ant “ - ; ; : Tehama-Colusa Canal, reach 1. Baltimore, Md. 
r F 100C-1234....| Columbia Basin, Wash.____- Oct. 6 | Drains—blocks 18 and 46.............._._. Ray C. Pickens, Inc., Yakima, 132, 432 
Wash. 
200C-864__.__ Central Valley, Calif......__| Oct. 17 | Friant-Kern Canal lining repair and bridge rehabil- | Ted Watkins, Paso Robles, Calif. 110, 261 
} itation. 
__§ 400C-512..._. | Hammond, New Mex..-.---- | Oct. 25 | Rehabilitating main canal........................--- A & J Construction Co., Inc., 276, 305 
| Homedale, Idaho. 
400C-514_____| | Colorado River Storage, Nov. 6 Bituminous surfacing, roadways, and parking areas, | C. E. Mills Construction Co., 209, 859 
Colo. Morrow Point Dam, Blue Mesa Dam, Montrose |__Inc., Montrose, Colo. 
al | power operations center. } 
700C-779__.__ ge Missouri Basin, | Oct. 10 | ae ow ye ae drains 27-1-5, additions | Subsurfco, Inc., Grand Island, 106, 687 
ansas and 21-1-5, schedules No. 1 and 3. | Nebr. 
on 700C-782_..__ Do. | Nov. 2 | Earthwork and structures, Courtland Canal, sub- | Do. 102, 914 
aS i. surface drains 10-3-5, second section and 3-3-5-1.0. 
DC-€977 _ _._| Pick-Sloan Missouri Basin Nov. 15 | Minot Extension, Minot and Sundre Pipelines, | Abbott, Arne, Schwindt Inc., & 586, 665 
Program, ND. Schedule No. 1. Geo. E. Haggart, Inc. (JV), 
| Moorhead, Minn. 
DC-€077_ -..|..__. | Ea he eee ee a | Nov. 15 | Minot Extension, Minot and Sundre Pipelines, | oa  _—— Co., Fargo, 1,757,542 
— : | Schedule No. 2. a 
100C-1236 - --| Columbia Basin, Washing- | Nov. 17 | Drains and supplemental construction, Block 15- - “a George ~~ Grant, Inc., Richland, 300, 256 
ton. | Wash. 
100C-1240_ _ - |-- SSE aS re eee Nov. 24 | Wahatis Wasteway, station 245+75 to station 365+70.| Peters & Wood Co., Pasco, Wash -- 134, 913 
100C~-1246. . |... Oe iii th ced Nov. 24 | D78-127 drain system and DW239 drain channel im- | J. J. Johnson, Inc., Moses Lake, 131, 607 
| i provement—Block 78. | Wash. 
) 2000-853... | Central Valley, California... Nov. 14 | Raising bridges—San Luis Canal—mile 130.81, mile | El Camino Construction Co., 282, 080 


132.77, and mile 134.89 
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